Introduction
Current interest in metal complexes containing metal-ligand centres end-capping carbon chains derives in part from their potential as models for molecular wires or as components of molecular-scale electronic devices and memories and for their non-linear optical properties. 1 Synthetic methods have used synthons derived from alkynes or polyynes, in which the substituent-free carbon chains are already present. As a result, the majority of known compounds have even-numbered carbon chains. 2 The formation of odd-numbered chains is dependent on methods which have an oddnumbered carbon precursor, either being converted to a C n chain by subsequent reactions, 3 W} CC C{Re(NO)(PPh 3 )Cp*}. 7 We and others have considered an approach to this type of complex using a precursor in which a carbyne ligand, CR, is attached to a metal centre. Recent examples have used the Group 6 complexes M( CR)(CO) 2 Tp' (R = halogen, SiMe 3 ; M = Mo, W; Tp' = BH(pz) 3 (Tp), BH(dmpz) 3 (Tp*)] 8 or cluster-bonded halocarbynes, such as M 3 (µ-CR)(CO) 9 [M 3 = Ru 3 (µ-H) 3 , 9 Os 3 (µ-H) 3 , 9 Co 3 10 ].
The CCo 3 trigonal cluster has been known since the late1950s 11 and its extensive chemistry has been reviewed on several occasions. [12] [13] [14] [15] [16] [17] Attachment to unsaturated groups such as alkynes and diynes was first described in 1970. [18] [19] [20] Common routes to the formation of the carbyne-C(sp) bond include the Cadiot-Chodkiewicz and Sonogashira and related reactions. 19 In some instances, appropriate Grignard or Lewis-acid (AlCl 3 )-induced coupling reactions between alkynes and Co 3 (µ-CBr)(CO) 9 have been employed. 10c It was early noted that with metal complexes the amine solvent commonly used often resulted in competing degradation of the cluster and conversion to other unwanted cluster products. 19 Some time ago, we described a modification of this reaction whereby reactions of Co 3 (µ 3 -CBr)(µ-dppm)(CO) 7 (1), chosen because the presence of the edge-bridging diphosphine ligand prevents break-up of the CCo 3 cluster, with phosphine-gold(I) alkynyls resulted in elimination of AuBr(PR 3 ) and formation of the C-C bonded product in high yields. 21 We had reasoned that the presence of the dppm ligand, bridging one of the Co-Co edges, would serve to prevent cluster degradation, while the mild conditions of the reaction, in which no base is required, would prevent the formation of unwanted by-products. While our first accounts concentrated on the formation of carbon chains end-capped by the Co 3 cluster and a second metal-containing group, 10 we have also extended these reactions to the synthesis of a range of Co 3 clusters containing more conventional groups as described below.
Results and Discussion
Reactions of Co 3 (µ 3 -CBr)(µ-dppm)(CO) 7 which usually contain molecular ions or appropriate adduct ions. As described further below, the molecular structures of twelve of the complexes have been determined by single-crystal X-ray diffraction studies.
The elimination reaction also proceeds between phosphine-gold(I) derivatives of the alkynyl-tricobalt cluster and appropriate C(sp or sp 2 )-I bonds. Thus, the reaction between Co 3 {µ 3 -CC CAu(PPh 3 )}(µ-dppm)(CO) 7 (6), itself prepared from the SiMe 3 derivative 4
and AuCl(PPh 3 ) in the presence of sodium methoxide, and 1,4-I 2 C 6 H 4 afforded two complexes which were characterised as Co 3 (µ 3 -CC CC 6 H 4 I-4)(µ-dppm)(CO) 7 (7) which is green, and orange-brown {Co 3 (µ-dppm)(CO) 7 } 2 (µ 3 :µ 3 -CC CC 6 H 4 C CC) (8).
Similarly, the reaction between Au(C CC 6 H 4 C CPh)(PPh 3 ) and 1 afforded Co 3 (µ 3 -CC CC 6 H 4 C CPh)(µ-dppm)(CO) 7 (9) . These complexes were readily separated by preparative t.l.c. and identified by elemental analysis and their ES MS. The other spectroscopic properties were similar to those found for the related phenyl complex.
22a
Extension of the reaction to 1,3,5-{(Ph 3 )AuC C} 3 C 6 H 3 enabled preparation of the triscluster complex 1,3,5-{(OC) 7 (µ-dppm)Co 3 (µ 3 -CC C)} 3 C 6 H 3 (10) in 50% yield. This compound has a similar n(CO) spectrum to the complexes described above, while the 13 C
NMR spectrum contains resonances at 108.92 and 112.78 from two of the C 3 chain carbons. Further characterisation results from the ES MS which contains a molecular ionat m/z 2454, and by an X-ray structural determination (see below). On one occasion, we isolated and crystallographically characterised the bis-cluster 1,3-{(OC) 7 (µ-dppm)Co 3 (µ 3 -CC C)} 2 C 6 H 3 Br-5 (11) from an analogous reaction in which the bromoaryldiyne 1,3-{(Ph 3 )AuC C} 3 C 6 H 3 Br-5 was inadvertently used. Its spectroscopic properties were similar to those found for 9, with the exception of the negative ion ES MS, which a molecular anion was found at m/z 1741.
In addition to the binuclear complex 8, we have prepared 1,1'-{Co 3 (µ-dppm)(CO) 7 
Structural studies
The molecular structures of 12 of the complexes described above have been determined by single-crystal X-ray diffraction studies. Figs All contain as a common structural feature the Co 3 (µ 3 -CC C-)(µ-dppm)(CO) 7 fragment (the molecule of 12 is centrosymmetric), as has been found in several other related complexes described by us 10, 27 and others 28-31 on previous occasions. Atom C(1) is attached to all three metal atoms of the triangular Co 3 cluster, of which one edge [Co(1)-Co (2)] is bridged by the dppm ligand. In all cases except 2 and 4 (which are isomorphous), the methylene bridge of the dppm ligand lies 'endo' to the pendant alkyne group, whereas it is 'exo' in the two exceptions. Nevertheless, the ranges encompassed by the various bond distances and angles extend over many standard deviations (see Table 1 ), although it is not evident that any particular structural or electronic feature can account for the differences.
In some instances, the dppm-bridged Co(1)-Co (2) 
Experimental
General. All reactions were carried out under dry nitrogen, although normally no special precautions to exclude air were taken during subsequent work-up. contained in 5 mm sample tubes. Chemical shifts are given in ppm relative to internal tetramethylsilane for 1 H and 13 C NMR spectra and external H 3 PO for 31 P NMR spectra.
Electrospray mass spectra (ES MS) were obtained from samples dissolved in MeOH unless otherwise indicated. Solutions were injected into a Varian Platform II spectrometer via a 10 ml injection loop. Nitrogen was used as the drying and nebulising gas. Chemical aids to ionisation were used. 34 Elemental analyses were by CMAS, Belmont, Vic., Australia.
Reagents. Co 3 (µ 3 -CBr)(µ-dppm)(CO) 7 , 27 AuCl(PR 3 ) (R = Ph; tol made similarly), 35 and Au(C CR')(PR 3 ) (R' = Bu t , Ph, SiMe 3 , Fc) and {Au(PR 3 )} 2 (µ-C CC 6 H 4 C C) were obtained as previously described. 
Preparation of carbon-tricobalt complexes
Co 3 {µ 3 -C(C C) n R}(µ-dppm)(CO) 7 , n = 1
A mixture of Au(C CBu t ) (64 mg, 0.12 mmol), Co 3 (µ 3 -CBr)(µ-dppm)(CO) 7 and Pd(PPh 3 ) 4 (14 mg, 0.012 mmol), followed by addition of dbu (several drops). After stirring at r.t. for 2 h, work-up as above gave Co 3 (µ 3 -CC CSiMe 3 )(µ-dppm)(CO) 7 (4) (157 mg, 75%). A minor product formed on some occasions was identified as {Co 3 (µ-dppm)(CO) 7 } 2 (µ 3 :µ 3 -C 6 ).
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(iv) R = Fc (5) Thf (10 ml) was added to a solid mixture of Au(C CFc)(PPh 3 ) (100 mg, 0.15 mmol), Co 3 (µ 3 -CBr)(µ-dppm)(CO) 7 (127 mg, 0.15 mmol), Pd(PPh 3 ) 4 (17 mg, 0.015 mmol) and CuI (3 mg, 0.015 mmol) and the reaction was stirred at r.t. for 1 h., after which spot t.l.c.
showed the absence of starting materials. (9) A mixture of Au(C CC 6 H 4 C CPh-4) (90 mg, 0.14 mmol), Co 3 (µ 3 -CBr)(µ-dppm)(CO) 7 (116 mg, 0.14 mmol), Pd(PPh 3 ) 4 (7.2 mg, 0.006 mmol) and CuI (1.3 mg, 0.006 mmol) in thf (10 ml) was stirred at r.t. for 2.5 h. 
Co 3 {µ 3 -C(C C) n R}(µ-dppm)(CO) 7 , n = 3
(i) R = SiMe 3 (13) A mixture of Co 3 {µ 3 -C(C CC CAu(PPh 3 )}(µ-dppm)(CO) 7 and Pd(PPh 3 ) 4 (00 mg, 00 mmol) in thf (5 ml) was added to a mixture of iodine (10 mg, 0.04 mmol) and CuI (00 mg, 00 mmol) in thf (5 ml) at -78°C, and the mixture was stirred for 1 h. After this time, a soluton of Au(C CPh)(PPh 3 ) (20 mg, 0.04 mmol) in thf (5 ml)
was added dropwise and the mixture was stirred for a further 1 h at -78°C. After allowing to warm to r.t., the filtered soluton was evaporated and the residue was extracted into CH 2 Cl 2 and purified by preparative t.l.c. (acetone-hexane 3/7). The brown band (Rf 0.76) contained Co 3 {µ 3 -C(C C) 3 Ph}(µ-dppm)(CO) 7 
Structure determinations
Full spheres of diffraction data were measured at ca 153 K using a Bruker AXS CCD area-detector instrument. N tot reflections were merged to N unique (R int cited) after "empirical" / multiscan absorption correction (proprietary software), N o with F > 4 (F) being used in the full matrix least squares refinements. All data were measured using monochromatic Mo-Ka radiation, = 0.71073 Å. Anisotropic displacement parameter forms were refined for the non-hydrogen atoms, (x, y, z, U iso ) h being refined.
Conventional residuals R, R w on |F| are quoted [weights: ( 2 (F) + 0.000n w F 2 ) -1 ]. Neutral atom complex scattering factors were used; computation used the XTAL 3.7 program system. 39 Pertinent results are given in the figures (which show non-hydrogen atoms with 50% probability amplitude displacement ellipsoids and hydrogen atoms with arbitrary radii of 0.1 Å) and in Tables 1 and 2 .
Variata. 4. (x, y, z, U iso ) H were refined throughout; it is isomorphous with 2 and was refined in the same cell and coordinate setting. 
10.
Weak and limited data resulted in a determination of inferior precision.
11.
The dichloromethane of solvation was modelled as disordered over two sets of sites, occupancies 0.694(5) and complement.
Supplementary material
Full details of the structure determinations (except structure factors) have been deposited 
